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1,8-Naphthalic anhydride condenses with 4-nitro-1,2-diaminobenzene in acetic acid to give 11-nitro-
benzo[d,e]benzo[2,1-a]isoquinoline-1,3-dione (1), whereas the same reaction carried out in DMF gives
2-(2-amino-4-nitrophenyl)-benzo[d,e]isoquinoline-1,3-dione (2). The condensation reaction of 1,8-naph-
thalic anhydride with 1-amino 3,5-benzene dicarboxylic acid leads to corresponding imide, which forms
a gel in a mixed solvent such as water in DMSO. A similar compound 5-(1,3-dioxo-1,3-dihydroisoindol-2-yl)-
isophthalic acid derived from phthalic anhydride forms gel in a mixed solvent of DMSO and water,
whereas a crystalline solvate of DMSO with 2 could be obtained upon crystallization from DMSO. The
crystal structure of this solvate is determined and its structure is compared with 2-(1,3-dioxo-1,3-dihy-
dro-isoindol-2-yl)-benzoic acid. The latter does not form a gel in the mixed solvent and adopts an
intermolecular hydrogen bonded structure.

� 2008 Elsevier Ltd. All rights reserved.
Naphthalimide and phthalimide derivatives are important com-
pounds, which possess versatile supramolecular chemistry.1 They
are also important as protecting groups for the amine functional-
ity2 and as optical materials, and are widely studied.3 Due to their
many applications, new synthetic methodologies for their prepara-
tion are important.4 They are generally prepared by condensation
reaction of the corresponding anhydride with primary amines;
these reactions are dependent on the solvent and base used.4

Due to the dipolar nature of the rings, these compounds bind to
different solvent molecules. The phthalimide derivatives in the
form of polymeric imides form gels.5 Although there are a large
number of examples in which small molecules are used as organic
gelators,6 gels from monomeric naphthalimide and phthalimide
derivatives have not been reported. In this Letter, we report the
ll rights reserved.

: +91 361 2690762.

O2N

NH2

NH2

HCON(CH3)2 reflux

Scheme
role of solvent in the condensation reaction of aromatic 1,2-dia-
mines with 1,8-naphthalic anhydride and on a new class of poten-
tially important imide derivatives having gel-forming ability.

It is reported that reaction of 1,8-naphthalic anhydride with
1,2-diaminobenzene in acetic acid leads to heterocyclic com-
pounds; however, this reaction in dimethylformamide is very
sluggish. Whilst trying to understand this reaction, we observed
that the reaction of 1,8-naphthalic anhydride with 4-nitro-1,2-
diaminobenzene was dependent completely on the solvent. When
the reaction was carried out in acetic acid, a heterocyclic com-
pound 11-nitrobenzo[d,e]benzo[2,1-a]isoquinoline-1,3-dione (1)
was formed, whereas in N,N-dimethylformamide, the imide deriv-
ative7 2-(2-amino-4-nitrophenyl)benzo[d,e]isoquinoline-1,3-dione
(2) was obtained as illustrated in Scheme 1. The spectroscopic data
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Table 1
Gel formation from imides
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of compound 1 were compared with its earlier reported one.8 Com-
pound 2 was isolated as a co-crystal of N,N-dimethylformamide,
the structure of which is shown in Figure 1. The co-crystals of
dicarboxylic acids with DMF and DMSO are common in literature
and some of them show interesting optical properties.9

In this co-crystal, the N,N-dimethylformamide molecules are
held by strong hydrogen bonds, N3–H3a� � �O7 (dD–H 0.860 Å; dD� � �A,

2.858 Å; \D–H� � �A, 161.33�) and by the p–p interaction between
the 1,8-naphthalimide ring with the lone pair of the nitrogen atom
of the amide group. The presence of the p–p interaction is estab-
lished by the distance of separation 3.35 Å. This distance is well
within the admissible limit of 3.5 Å for p–p interactions. The com-
pound shows IR absorptions for carbonyl stretching at 1771 cm�1

and at 1740 cm�1 due to the carbonyls of the N,N-dimethylform-
amide and the imide ring. It also demonstrates a strong absorption
at 3446 cm�1 for the NH2 group. The C–H group of N,N-dimethyl-
formamide appeared at 2923 cm�1, whilst the nitro group stretch-
ing was observed at 1304 cm�1. In solution also DMF unit is tightly
bound to the parent molecule and in the 1H NMR the methyl sig-
nals appeared as two singlets at d 2.50 and d 2.34 ppm, whereas
the hydrogen attached to the carbonyl group is significantly
shielded appearing as two singlets at d 6.45 and d 6.42 ppm. The
observation of the two singlets suggests two different environ-
ments; for the methyl groups attached to the nitrogen of dimeth-
ylformamide. Thus, the sluggish reaction in DMF as solvent is
attributed to complementary hydrogen bonding ability of com-
pound 2 with dimethylformamide.
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Based on the above observation, we successfully carried out reac-
tions of 1,8-naphthalic anhydride with 1-amino 3,5-benzene dicar-
boxylic acid in DMF (Eq. 1) to obtain corresponding imide (3). From
similar reactions of 1-amino-3,5-benzene dicarboxylic acid with
Figure 1. The crystal structure of the DMF solvate of 2-(2-amino-4-nitrophenyl)-
benzo[d,e]isoquinoline-1,3-dione (50% thermal ellipsoids; CCDC No. 679218).
different cyclic anhydrides, compounds 3–7 listed in Table 1 were
prepared. When these imides 3–7 were dissolved in DMSO, fol-
lowed by addition of water they formed gels. A series of gels were
prepared and the conditions for their formation and their properties
are listed in Table 1. The Tgel (temperature at which the gels trans-
forms to sol) and the critical concentration of solvents and sub-
strates to form the gels were determined10 and are listed in Table
1. The SEM of each gel was recorded and a representative SEM of
the gel prepared from 3 is shown in Figure 2. This gel has fibre-like
structure, which are of different lengths. These short thick fibre-like
structures have length varying from 10 to 40 lm and width 0.5–
1.0 lm. The morphology of the other gels varies and they have net-
work structures or crystal-like structures of micron size. The gel 5
has plate-shaped structures with 2–8 lm length and 0.7–2.0 lm
width. On the other hand, the gel of 6 has interconnected fibre
networks with width of about 0.25–0.40 lm (please refer to
Supplementary data).
Figure 2. Left: gel prepared from 3; right: SEM of the gel.
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Scheme 2. Reactions of phthalic anhydride with aromatic amino-carboxylic acids.

Figure 3. (a) The ORTEP diagram of 5 (CCDC No. 677168), (b) the weak interactions leading to sheet-like structures.
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The 5-(1,3-dioxo-1,3-dihydro-isoindol-2-yl)-isophthalic acid
(5) obtained from the condensation reaction of phthalimide with
1-amino-3,5-benzene dicarboxylic acid (Scheme 2) forms a
co-crystal with DMSO in 1:1 ratio and was characterized by deter-
mining its crystal structure. The structure is shown in Figure 3a.
Generally, carboxylic acids are strongly hydrogen bonded amongst
themselves, but it is very interesting to note that the co-crystal of 5
with DMSO is devoid of O–H� � �O interactions amongst the carbox-
ylic acid groups. However, it displays a hydrogen bond O2–H� � �O4
interaction (d D–H 0.818 Å; dD–H� � �A, 2.586 Å; \D–H� � �A, 175�)
between the oxygen atom of DMSO and the OH of one of the
carboxylic acid groups. This compound forms sheet-like structure
in which the DMSO molecules are between the two layers of the
imides. The DMSO molecules themselves have weak S� � �O (dD� � �A,
3.314 Å) interactions (Fig. 3b). The layers grow along the crystallo-
graphic a-axis. This arrangement leads to a highly porous structure,
which, possibly on addition of water, results in a strong hydrogen
bonded network leading to formation of the gel. Isophthalic acid
itself forms chain-like structure by hydrogen bonding in the
carboxylic acid groups.11 2-(1,3-Dioxo-1,3-dihydroisoindol-2-yl)-
benzoic acid (8) does not form gel but it could be obtained in
crystalline form.12 The compound has an intermolecular hydrogen
bonded structure through interaction of COOH of one molecule
with carbonyl of neighbouring molecules.12 This close-packed
structure does not permit solvation, and thus it does not lead to
formation of gel. Most of the compounds reported here such as
3,13a 413b and 513c,d were already reported in literature; however,
in this study we have shown their gel-forming abilities.

In conclusion, we have reported on the role of solvents in decid-
ing the course of the reaction of 4-nitro-1,2-diaminobenzene with
1,8-naphthalic anhydride, and the physical state of several imide
derivatives.
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